Introduction 53
Human releases of mercury (Hg) to the atmosphere, and to a lesser extent surface waters, 54 have contaminated ecosystems on a global scale (Fitzgerald et al. 1998 ). In aquatic ecosystems, 55 bacteria (principally sulfate reducers) transform divalent inorganic Hg into methylmercury 56 (MeHg), which strongly bioaccumulates within food webs, resulting in exposure to humans and 57
wildlife (National Research Council 2000). All of the states and provinces of the Great Lakes 58
Region, including the Great Lakes and their connecting waters, have fish consumption advisories 59 
Methods 88
The study area for this synthesis is the Great Lakes airshed (Figure 1 ). The Canada-89
United States Air Quality Agreement (2005) defined an airshed as "a geographic area within 90 which air pollution is freely and routinely transported and that is influenced by shared sources of 91 pollutants, weather, and terrain." Based on these criteria, we consider the airshed of the Great 92
Lakes to include: (1) all of the U.S. states bordering the Great Lakes plus Vermont and New 93
Hampshire and (2) the Canadian provinces of Ontario and Quebec, excluding far northern 94
portions. 95
Data used in the synthesis were obtained from dated sediment cores collected from the 96
Great Lakes and inland lakes within the Great Lakes airshed and, with few exceptions, have been 97 published in the peer-reviewed literature. Data were solicited from potential contributors with 98 the following criteria: (1) reliable and detailed dating by 210 Pb; (2) sediment core records 99 extending back to preindustrial times (pre-1850); and (3) for inland lakes, relatively undisturbed 100 watersheds, which otherwise greatly increase Hg loading through erosion, and an absence of 101 direct inputs of Hg from wastewater or industrial waste. We defined an inland lake as any 102 natural lake, excluding the Great Lakes themselves, within the study area. Potential contributors 103 were asked to provide the following information for each core: lake name, locality, date of 104 collection, latitude and longitude of core site, sediment Hg fluxes (pre-1850, 1970, recent, peak), 105 210 Pb-based focus factor, lake surface area, watershed surface area (excluding lake), and 106 dominant land use within watershed (qualitatively or by GIS). Contributors (all co-authors) 107 provided data from dated sediment cores from Lake Superior (n = 9, Muir et al. To represent external Hg loading to the lakes, we used 210 Pb-based focus factors to derive 117 focus-corrected Hg flux to each lake's sediments. Focusing, defined as the redistribution of 118 sediments within a lake from shallower to deeper areas (where cores are usually collected), 119 generally increases with lake size and fetch. Focusing is responsible for the observation that Hg 120 flux to the coring site is generally greater than the average flux to the lake as a whole. The Great Lakes, because they are large and have significant wind-driven currents, are 129 subject to considerable sediment focusing (e.g., Rossmann 2010) , and it appears from a positive 130 relationship between lake surface area and the estimates of distance to the nearest major urban area and the number of major urban areas within 180 500 km. We define a major urban area as having a human population greater than 1,000,000 181 (city plus suburbs). Distances were calculated, according to latitude and longitude, from core 182 sites to the approximate centers of the major urban areas. 183 184
3.
Results and Discussion 185
Great Lakes 186
A review of studies from the Great Lakes (Table 1) Both the timing and magnitude of change in these sediment records suggest that direct (end-of-213 pipe) water discharges, not atmospheric deposition, were responsible for the mid-20 th century Hg 214 peaks and large subsequent declines. 215
In contrast, the sedimentary records from Lake Superior indicate primarily an 216 atmospheric signal. The human population along the shoreline of Lake Superior is the smallest 217 of the Great Lakes, but there are, and have been, significant direct wastewater discharges to the 218 lake (Kerfoot et al. 1999 ). The areal extent of pollution from wastewater discharges may be 219 localized near the outfalls to this largest Great Lake, however. From cores collected in 1983, 220 
Watershed factors 277
The relationship between A W :A L and sedimentary Hg flux for a given set of lakes has 278 been used to derive atmospheric Hg flux for a given area (Swain et al. 1992 ). This approach 279 deposition from watershed to lake (5% or less). Empirical measurements generally indicate that 295 watersheds deliver much higher (~20%) proportions of atmospheric Hg deposition to lakes (e.g., 296
Aastrup et al. 1991). 297
In an attempt to provide more realistic estimates, we performed the analyses for the Great 298 We believe that much of the difficulty in using the regression approach to estimate 311 atmospheric Hg deposition may arise from unaccounted-for variation in Hg export, in-lake 312 cycling, and sedimentation among our large and diverse group of lakes and watersheds. Hence We assume here that 24% of Hg deposition to the terrestrial watershed is exported to each lake, a 321 coefficient chosen as the mid-point between the value of 26% found for modern deposition in the 322 western Great Lakes sub-region by Swain et al. (1992) and 22% reported by Lorey and Driscoll 323 (1999) in the east. By estimating atmospheric deposition in this manner, we make the gross 324 assumption that all terrestrial watersheds behave similarly, not only in the present, but also in the 325
past. 326
The median atmospheric Hg deposition calculated in this manner is broadly uniform 327 across the Great Lakes region and shows a similar magnitude of change to that of the sediment 328 Hg fluxes. In preindustrial times (pre-1850) median Hg deposition rates for the west, central, and 329 east were 2.6, 2.1, and 3.7 µg/m 2 -yr, respectively ( Figure 5 ). These rates increased to 9.1, 9.1, 330 The spatial patterns arise from different reasons, however. The lower Great Lakes (e.g., Lake 396
Ontario) exhibit greater Hg contamination than the upper Great Lakes (e.g., Lake Michigan, 397 Lake Superior) because of greater wastewater and industrial waste discharges, whereas relatively 398 high Hg fluxes for inland lakes are found in the east (for all time periods examined), likely due to 399 watersheds that are large relative to the areas of the lakes. We have a concern that this pattern of recent declines in Hg deposition relies on 440 interpretation of data from the most recent strata of lake sediments, which are characterized by 441 some uncertainty concerning disturbance and diagenesis in deposition processes. An important 442 test of the veracity of these declines will come with future core work on the same or another suite 443 of regional lakes. However, given that recent declines in sediment Hg deposition have been 444 observed in a large number of lakes sampled by a broad suite of investigators, we believe that 445 these observations suggest a "cause and effect" relationship between controls on local and Dashed line denotes a flux ratio of 1 (no change). Box plots as described in Figure 2 . The upper 655
